The present work was focused on the application in the cement industry of the post-combustion CO2 capture technology using amine-based chemical absorption. Besides conventional conditions, investigations were performed on a concept called "partial oxy-fuel combustion" applied to cement kilns leading to more CO2-concentrated flue gas (yCO2 up to 60%) and allowing to reduce the solvent regeneration energy consumption. The purpose of the study was to highlight and evaluate this reduction. Firstly, the performances of several solvents were evaluated thanks to screening tests at lab (results with a cables-bundle contactor) and micropilot (absorption-regeneration unit) scales considering different CO2 contents (yCO2,in = 20-60 vol.%). Simple and blended solvents were tested in such conditions, such as primary and secondary alkanolamines (benchmark Monoethanolamine (MEA), Diethanolamine (DEA) and cyclical di-amine (Piperazine (PZ)). It was shown that the use of activated solutions (such as DEA 30 wt.% + PZ 5 wt.%) presented particularly high absorption performances both in conventional and high CO2 contents conditions. Secondly, Aspen Hysys TM simulations were carried out considering cement plant flue gas. For MEA 30 wt.% an increase of yCO2 from 20% to 44% leads to a 26% decrease of the regeneration energy (from 3.36 to 2.48 GJ/tCO2), which is clearly encouraging. As perspectives, new absorption-regeneration tests at micro-pilot scale and simulations will be performed with other solvents in order to have a more global evaluation of the interest of partial oxy-fuel conditions for the cement industry. 
1. Introduction
Context of the study
In order to reduce the greenhouse gases emissions, and especially carbon dioxide ones, the application of Carbon Capture, Storage (CCS) or Utilization (CCU) to power plants flue gases (CO2 contents between 5 and 15%) has already been considered in many studies. Boundary Dam CCS plant (Saskatchewan, Canada) is an example of the industrial application of Carbon Capture and Storage for power plants (yCO2= 5-15%) by an amine scrubbing process allowing CO2 capture and at the same time SOx capture valorized in H2SO4 commercialized further. However, there is still a lack of data concerning its specific application in the cement industry. More specifically regarding the CO2 capture, the first pilot-scale tests of post-combustion CO2 capture technologies were carried out at the Norcem Brevik Cement plant in Norway [1] and no oxy-fuel CO2 capture units are already installed in the cement industry. In this context, ECRA (European Cement Research Academy) and the University of Mons established in 2013 a scientific convention with the purpose of designing and optimizing specifically for the cement industry the global process chain, namely from CO2 capture to conversion into valuable products (such as methanol, acid formic or calcium and sodium carbonates) including all the purification processes.
Regarding more precisely the capture phase, as described in the different ECRA technical reports [2] [3] [4] , two technologies are under development for the application to cement plant flue gases, namely: oxy-fuel combustion, where the combustion is performed with pure oxygen instead of air leading to flue gases highly concentrated in CO2 (more than 80%) which need to be purified (de-dust, de-SOx, de-NOx, etc.) prior to storage or conversion; and postcombustion CO2 capture, where the CO2 present in the pretreated flue gas (containing from 20% to 30% CO2 in cement plant flue gases, which is higher than in power plant ones) is classically captured applying an absorption-regeneration process where the CO2 is absorbed in an amine-based solvent (conventionally MEA 30 wt.% in aqueous solution is taken as reference) which is then regenerated requiring disadvantageously energy. The objective of this work is to test the applicability to the cement industry of an innovative capture technique called partial oxyfuel combustion capture (see Fig. 1 ). This technology combines a O2-enriched air combustion involving a CO2 more concentrated flue gas (20 %<yCO2<70 %) compared to a conventional combustion and allowing the application of a CO2 post-combustion capture using amine solvents. Based on this, the works carried out in the present study were divided in two parts: experimental screening of solvents at lab and micro-pilot scales with different CO2 contents in the gas to treat (between 20 vol.% and 60 vol.%), and Aspen Hysys TM simulations of the absorption-regeneration process applied to conventional and partial oxy-fuel cement plant flue gas. 
Research methodology
The research methodology followed in the present work (see Fig. 2 ) was composed of two main parts. Firstly, the performances of several solvents were evaluated thanks to screening tests carried out both at lab (double-stirred cell, cables-bundle contactor, regeneration cell) and micro-pilot (absorption-regeneration micro-pilot unit) scales and considering high CO2 contents (yCO2,in = 20-60 vol.%). Based on our previous studies [6] carried out under conventional conditions (yCO2,in equal to max 30 vol.%), different solvents were previously screened during absorption tests with a laboratory gas-liquid contactor (namely a cables-bundle contactor) and three of them were selected for the absorption-regeneration tests with a micro-pilot unit.
Secondly, Aspen Hysys TM simulations of the absorption-regeneration process were carried out considering different solvents (only MEA 30 wt.% results will be shown in the present case as it is the benchmark solvent often considered as reference case in such simulation studies) and testing various process configurations (see [7] for the relative simulations) in order to optimize the energy consumption of the process. More specifically, the simulation model was also used to highlight the interest of the partial oxy-fuel combustion in terms of solvent regeneration energy.
Experimental devices and procedures
Two types of tests were carried out: in a first step screening absorption tests with a laboratory cables-bundle contactor and in a second one combined absorption-regeneration tests with selected solvents in a micro-pilot unit.
Laboratory gas-liquid contactor
The absorption tests have been achieved in an experimental equipment which includes a scrubber, liquid and gas supplies, and a gas sampling part, illustrated in Fig. 3 . The advantage of this contactor, which presents a specific interfacial area between gas and liquid phases of 30 to 35 m²/m³ for the nominal liquid flow rate but depending on the liquid phase properties, is to allow to measure varying absorption performances (for more or less soluble and reactive species), this is thus a very efficient device for screening purposes.
The amine based absorbent, previously pre-heated to 25°C in a heat exchanger with thermostated water, is sent to the upper part of the contactor thanks to a peristaltic pumps and is distributed on the six vertical yarns, contacting continuously and counter-currently the gas. The gas phase is composed of nitrogen in which CO2 is added to obtain the desired concentration (10 -60 vol.%) and it is then humidified in a saturator (packed column fed with water). The N2 and CO2 flow rates are controlled and measured by mass flow meters. Sampling of gas at the input and the output of the column is performed continuously through membrane dryers followed by an IR analyzer giving respectively the molar fractions yCO2,in (fixed at different values kept constant in each test) and yCO2,out (measured for each experiment) allowing to calculate the amount of CO2 absorbed by the solution, GCO2,abs. This parameter is a function of the gas and liquid flow rates fed in the column but in identical operating conditions, the comparison of GCO2,abs values allows to achieve the screening. The liquid phase is analyzed by a Total Organic Carbon (TOC) analyzer in terms of Total and Inorganic Carbons (TC and IC), the pH of the solvents being also measured. The TC measurements allow the calculation of the amine concentration of each solvent, and the difference between TC measurements of unloaded and loaded solutions gives access to the CO2 concentration into the liquid phase, the ratio between this concentration and the amine concentration corresponding to the CO2 loading of the solvent. More details about the apparatus and experimental procedure are given in [8] .
All the experiments were carried out at atmospheric pressure. The operating conditions applied in this work were kept constant and are summarized in Tab 1. Two types of tests were carried out with this experimental laboratory device: continuous tests with fresh scrubbing solutions (CO2-unloaded solutions at the inlet of the contactor) and a gas phase continuously fed in the contactor with varying CO2 contents (yCO2,in from 10 to 60 vol.%), and semi-continuous tests with a recirculation of 1.3 l of the solution, fixing the CO2 inlet content to 40 vol.% in the gas phase, and allowing to follow the temporal evolution of the absorption performances together with a progressive CO2 loading of the solvent, which is more realistic in comparison with the industrial process where the solvent entering the absorption column is never totally regenerated and always still contains an amount of CO2. The continuous tests lead to the comparison of kinetic performances of different solvents. At the end of a semi-continuous experiment, if the test is achieved with a sufficient duration, an equilibrium between gas and liquid phases can be reached, leading to the CO2 absorption capacity.
The different types of amines experimented are presented in Tab. 2. The purpose was to evaluate the absorption performances in terms of GCO2,abs of the different types of simple amine solutions such as MEA (reference solvent), DEA, MDEA, AMP (conventionally 30 wt.% in aqueous solution, except for PZ which was limited to 10 wt.% for preventing any exceed of the solubility limit in water) and also of different activated solutions containing PZ 5 wt.%. The evaluation of the absorption performances of more innovative solvents was also performed, such as the blends comprising TETRA as absorption activator.
Absorption-regeneration micro-pilot unit
The absorption-regeneration micro-pilot unit (tailor made by Pignat company, see The unit is instrumented and completely automated in order to obtain a temporal data acquisition from all the sensors (temperature, pressure, etc.) as well as from gas analyzers (CO2, O2, SO2, NO and NO2) and from regulators (temperatures at the inlet of the columns, liquid level in the sump of the absorption column and regeneration heat power), all represented by a PID as shown in Fig. 5 for the system MEA 30%, at yCO2, in= 40%. The detailed flowsheet, the experimental procedure and all the technical details regarding this installation are available in [9] , the main information being summarized here.
After humidification, the gaseous blend (composed of nitrogen and carbon dioxide) enters the absorption column where a counter-current contact between this gas mixture and the absorption solution is achieved at atmospheric pressure. The CO2 loaded solution at the outlet of the absorption column is then pumped through a preheater (maximum heating power of 1 kW) to the regeneration column where, by heating the solution up to its boiling point, the CO2 is liberated from the solution, regenerating the solvent which is pumped back to the absorption column. A total condenser is installed at the top of the regeneration column in order to remove the water vapor produced consequently to the solution heating. Gaseous and liquid flow rates are fixed and measured with the use of rotameters and the pressure drops in the two columns are measured with differential pressure transmitters. The unit includes different heat exchangers in order to control the solution temperature during the absorption and regeneration phases, including an "internal heat exchanger" positioned between the two columns through which the rich and lean solutions flow countercurrently.
The operating conditions imposed for the absorption-regeneration tests are summarized in Tab.3. Table 3 . Operating conditions for the absorption-regeneration tests During the absorption-regeneration tests, online CO2 gaseous analyses (of dried samples) at the inlet and the outlet of the absorption column, performed by an infrared gas analyzer (Emerson X-STREAM X2GP), give direct access to the temporal evolution of the absorption efficiency (or absorption ratio): (1) where GCO2,in and yCO2,in are the CO2 flow rate and the CO2 volume (or molar) fraction respectively in the gas phase at the inlet of the contactor, GCO2,out and yCO2,out being equivalent parameters at the outlet of the contactor. The difference between GCO2,in and GCO2,out is equal to the amount of CO2 captured (GCO2,abs) in the absorption column and it corresponds to the CO2 flow released at the outlet of the regeneration column where a CO2 gaseous analysis is also performed in order to check the purity of the rich CO2 gaseous flow production. Offline liquid analyses in terms of pH and CO2 loading are also achieved during the tests, especially to check the CO2 balance between gas and liquid phases. The CO2 loading representing the quantity of CO2 that has been absorbed by a mole of amine is quantified and αCO2(t) [mol CO2/mol amine] can be determined at every moment of the absorption test: (2) where CCO2 (t) is the amount of CO2 present in the solution at the time (t) of the absorption test, measured by the Total Organic Carbon, and Camine (t=0) is the concentration of the unloaded fresh amine at the beginning of the test. Among the different solvents tested in the cables-bundle contactor at lab scale, three solvents were selected for the micro-pilot tests, namely PZ 10 wt.%, MEA 30 wt.% and a blend composed of DEA 30 wt.% and PZ 5 wt.%.
Note that for each test, the liquid flow rate was adjusted in order to reach an absorption ratio as close as possible of 90%. In the case of PZ, as the amine concentration was fixed at 10 wt.% (concentration limitation at atmospheric pressure to prevent any crystallization in the system during the tests) and as the liquid flow rate was limited at 26 l/h (pump flow rate limit), the maximum absorption rate was 75%.
Experimental results
The experimental results are presented in two parts: firstly, the solvents screening results of the lab scale experiments with the cables-bundle contactor and secondly the results of the micro-pilot tests with three selected solvents.
Experimental results with the cables-bundle contactor
The first step of the present work was to compare the solvents performances for various CO2 contents (yCO2,in) of the gas to treat during continuous absorption tests (unloaded solutions at the contactor inlet and no recirculation of the solvent). More specifically, the purpose was to measure and compare these performances at high yCO2,in (up to 60 vol.%), representative of O2-enriched combustion conditions, these conditions being scarcely discussed in literature. The absorption results explained in terms of CO2 molar absorption flow rate (GCO2,abs) for different simple solvents are given on Fig. 6 . It is shown that the best absorption performances at both low and high yCO2,in were measured with PZ 10% and MEA 30% (GCO2,abs > 6 mol CO2/h at yCO2,in = 60 %vol.), the absorption results with TETRA 30% being also clearly higher than with the other solvents (AMP, DEA and AHPD 30%). This is partially linked to the CO2-amine kinetic constants relative to different types of amines. Indeed, at 298K, PZ [10] has a higher kinetic constant value than MEA [11] whereas the other amines (TETRA [12] , AMP [13] , DEA [14] , MDEA [15] and AHPD [16] ) have lower values of kinetic constants than MEA.
Besides, this behavior is also linked to the different CO2-amines properties (diffusivity and solubility) and to the amine chemical structure (primary, tertiary, sterically hindered…) which have an influence on the CO2-amine absorption performances.
Regarding the absorption results measured with solvents blends, Fig. 7 shows the GCO2,abs obtained with activated solutions composed of AMP or DEA 30 % blended with 5% of an activator (namely PZ and TETRA 5%). It can be pointed out that both for AMP 30% and DEA 30% solutions, the activation effect is much more significant with PZ 5% than with TETRA 5%, the results obtained with the PZ-activated solutions leading to a GCO2,abs at yCO2,in = 60 %vol. (≥ 8 mol CO2/h) higher than the benchmark MEA 30% one (< 8 mol CO2/h).
It should be noted that for some solvents, and for high CO2 concentrations in the flue gas, a significant increase of the liquid temperature (up to 20°C) was measured between the inlet and the outlet of the gas-liquid contactor. This temperature increase is also observed in the industrial process (see for example the absorber temperature profiles given in [17] for the CASTOR unit) and is linked to the exothermicity of the CO2-amine reactions (reaction heat) which is a function of the amine chemical structure, but also a function of yCO2,in, this thermal effect being more important as more CO2 is absorbed by the solution.
Even if the continuous tests with CO2-unloaded solutions give a first overview of the solvent performances at various CO2 contents into the gas phase, it was also necessary to compare these performances together with an increasing CO2-loading which was obtained thanks to the recirculation of the solution. Fig. 8 illustrates the temporal evolution of the CO2 loading and of the CO2 molar absorption flow rate during the semi-continuous tests. It shows that logically, when the CO2 loading is increasing, the free amine concentration is reduced and thus the amount of CO2 that is absorbed is decreasing. The decrease of the absorption performances is partially linked to the absorption capacity of each solvent. For example, it was checked that TETRA is the solvent which has the higher absorption capacity among the solvents tested (αCO2 (90 min) of TETRA 30% > 1 mol CO2/mol TETRA, clearly higher than for the other solvents) and which leads to a lower decrease of its absorption performances during the semi-continuous tests, its absorption performances being the highest after 90 min. The graphs on Fig. 8 also show that the ranking of the solvents based on their GCO2,abs is modified during the semi-continuous test due to the CO2 loading effect. Note that the PZ-activated solutions present good absorption performances at the beginning of the test and also after 90 min with a significant CO2 loading while PZ-alone solution exhibits a quick and significant decrease of its absorption ratio with increased CO2 loading value.
Based on all these results acquired at lab scale, the three solvents selected for the micro-pilot tests were: MEA 30% (conventionally taken as benchmark), PZ 10 wt.% and the blend composed of DEA 30% and PZ 5%, these solvents showing good absorption performances both at low and high yCO2 in the gas to treat and also with a significant CO2 loading.
Experimental results with the micro-pilot unit
First of all, Fig. 9 illustrates the temporal evolution of the main parameters during an absorption-regeneration test carried out with DEA 30% + PZ 5% for an inlet CO2 content of 20%. Note that for this test, the liquid flow rate leading to an absorption rate of around 90% was 10 l/h. In Fig. 9 (a) it can be noticed, on the one hand, the constancy of the yCO2,in value (≈ 20%) during the whole test and, on the other hand, that a regime is reached after about 80 minutes when yCO2,out stabilizes at 4%, leading to a steady absorption efficiency (A) value of 90%. The production of a rich CO2 flow during regeneration is also checked. Fig. 9 (b) shows CO2 loading and pH temporal evolutions of rich and lean solutions, which confirm the regeneration of the solvent. The effect of increasing yCO2,in on the absorption-regeneration performances for the three selected solvents can be analyzed from Fig. 10 in terms of captured CO2 amount (GCO2,abs) and from Fig. 11 in terms of regeneration energy. Fig.10 . Amount of captured CO2 with increased CO2 content in the gas to treat during the absorption-regeneration tests in the micro-pilot unit. Fig. 10 shows that when yCO2,in is increased, the same conclusion can be observed for GCO2,abs , but this increase is not the same for the three solvents. More specifically, even if the absorption performances of the three solvents are quite similar at yCO2,in equal to 20% (GCO2,abs around 0.3 kg/h), GCO2,abs of DEA 30% + PZ 5% at yCO2,in of 60% (around 0.98 kg/h) is particularly higher than the one measured with the other solvents at the same yCO2,in (< 0.80 kg/h) presenting better absorption performances at high yCO2,in. This difference in terms of absorption rate (GCO2,abs ) is also beneficial in terms of calculated regeneration energy. Indeed, as presented on Fig. 11 relatively to PZ 10 wt.% (Eregen/Eregen, PZ 10 wt.% at yCO2,in = 20%) which is the solvent leading to the highest Eregen value at yCO2,in equal to 20%, increasing yCO2,in leads to a significant decrease of the solvent regeneration energy, especially for DEA 30% + PZ 5% even if the same observation can be done for the three solvents tested in the micro-pilot unit.
Considering these observations at both lab and micro-pilot scales, the next step of the work was to really quantify the regeneration energy savings linked to the increase of yCO2,in by simulating the absorption-regeneration process in Aspen Hysys TM for different CO2 contents in the gas to treat and considering an industrial scale. Fig.11 . Relative decrease of the solvents regeneration energy with increased CO2 content in the gas to treat during the absorption-regeneration tests in the micro-pilot unit.
Aspen Hysys TM simulations of the absorption-regeneration CO2 capture process
The full details and optimization works regarding the Aspen Hysys TM simulation model used in the present study are available in [18] and only a summary is presented here. Moreover, the simulation results considering other process configurations are presented in [7] .
Main principles of the simulation model
The modeling was developed in Aspen Hysys TM v.8.8 software using the Acid Gas Package and the "Efficiency calculation mode". The package includes the physicochemical properties of acid gases, water and amines, and it takes into account thermodynamic [19] and rate-based calculation models. More specifically, Electrolyte Non-Random Two-Liquid (eNRTL) activity coefficient model is used for electrolyte thermodynamics in liquid phase [20] and the Peng-Robinson equation of state for the vapor phase. The solvent selected for the simulations was MEA and the reactions included in the Acid Gas Package for this solvent are listed in Tab. 4. Regarding the installation simulated, the CASTOR/CESAR pilot unit [21] was selected because all the design and operating parameters are available in literature, which is not the case with most of the other installations. This pilot is sized to handle a gas flow of 4000 Nm³/h at the inlet of the absorber after removal of a large portion of water, cooling and compression. The liquid flow rate is equal to 22 m³/h as base case. Among the other parameters imposed in the simulation, it must be pointed out the CO2 recovered purity, fixed at 98 mol.% (classical value). The dimensions of the absorber and the stripper, and the operating conditions in each column are also set (see Table 5 ). The flowsheet developed in Aspen Hysys TM is illustrated on Fig. 12 . Note that to compensate possible losses in amine and water at the outlet of the absorber and the regenerator, a makeup unit is added in order to automatically adjust the total liquid flow rate while reaching the desired concentration of amine and ensuring the water and solvent balance. The washing section situated at the top of the absorber in the real installation was not simulated in the present work as it does not influence the absorption-regeneration global performances.
Regarding the gas to treat, the flue gas composition for the base case (yCO2,in around 20%) was based on the Brevik cement plant flue gas in Norway, which is initially at 165°C and 100 kPa prior to compression to 120 kPa and cooling down to 40°C before entering the absorber (see conditioned gas composition in Tab. 6). The other flue gas compositions indicated in Tab. 6 with higher CO2 contents were based on ECRA simulations considering partial oxyfuel cement kilns. These simulations were developed using the same modeling principles described in [4] for total oxy-fuel cement kilns but taking into account some adaptations for the air entrance and the flue gas recirculation. In such cases, CO, SO2, NO and NO2 were not included in the calculations.
Four simulation strategies (A, B, B' and C) were applied in order to analyze the effect of increasing the CO2 content in the gas to treat:
-as for the experimental absorption-regeneration tests, the boiler heating power (Pboiler) was fixed, namely to 1403 kW which leads to an absorption ratio of 90% for yCO2,in equal to 20% (case A); -the absorption ratio was fixed to 90% with a lower gas flow rate (namely 1315 Nm³/h, case B) and also keeping the initial gas flow rate value (namely 4000 Nm³/h, case B'); -the amount of CO2 recovered at the outlet of the regeneration column (GCO2,abs) was fixed to 1.5 tCO2/h, which corresponds to an absorption ratio of 90% for yCO2,in equal to 20% (case C). Note that for each case and yCO2,in value, the liquid flow rate was adjusted in order to minimize Eregen.
Simulation results with different CO2 contents in the gas to treat
The simulation results obtained with MEA 30% corresponding to the four simulation cases are represented on Fig.  13 in terms of solvent regeneration energy as a function of yCO2,in. Based on these simulation results, a clear observation is that for the four cases considered, an increase of yCO2,in leads to a significant decrease of the solvent regeneration energy. More precisely, the results corresponding to the most favorable case (C) are summarized in Tab. 7. It can be seen that an increase of yCO2,in from 20% to 44% leads to a decrease of 26% of the MEA 30 wt.% regeneration energy (from 3.36 to 2.48 GJ/tCO2). When yCO2,in reaches 62%, the solvent regeneration energy is equal to 2.11 GJ/tCO2, which means a decrease of 37% in comparison with the base case. Regarding the other parameters indicated in Tab. 7, even if the condenser cooling energy is slightly increased when yCO2,in is higher, the CO2 loading of the rich and lean solutions are increased, which is beneficial for the absorption-regeneration process and leads to the decrease of Eregen.
These observations confirm that applying partial oxy-fuel conditions in the cement industry with the objective of increasing the CO2 content of the gas to treat is a very interesting option as the energy consumption of the CO2 capture process can be reduced. 
Conclusions and future works
In the context of the application of the post-combustion CO2 capture process by absorption-regeneration to cement plant flue gases coming from conventional and partial oxy-fuel kilns, the purpose of the present study was double: carrying out a screening at lab scale (cables-bundle contactor) of different amine(s) based solvents, especially to compare their absorption performances in a wide range of CO2 contents into the gas phase (from 20 to 60 vol.%), and simulating with Aspen Hysys TM the application of the CO2 capture process to highly CO2-concentrated flue gas in order to estimate the energy savings linked to the partial oxy-fuel conditions. Thanks to the experiments in a micropilot unit (aiming an absorption ratio of around 90% in this case) it was shown that increasing the CO2 content in the gas to treat allows a significant decrease of the solvent regeneration energy. Besides, simulations with MEA 30 wt.% (fixing a GCO2,abs = 1.5 tCO2/h in this case) revealed that increasing yCO2,in from 20% to 44% leads to a decrease of 26% of the regeneration energy. This decrease was equal to 37% when yCO2,in is increased up to 60%. The application of partial oxy-fuel combustion in a cement plant seems a good option that will be more deeply investigated, especially to take into account the oxygen production costs associated to each yCO2,in value.
As future works, the screening of solvents (both separate and combined screening experiments) will be continued with other simple and blended solutions with the associated simulations of the micro-pilot unit. Moreover, as highlighted in our previous study [22] , new solvents were also investigated and especially hybrid ones (corresponding to a combination of a physical solvent and a chemical solvent) where a demixing phenomenon appeared in the solution once significantly loaded with CO2. As already proved with the DMX TM solvents developed by IFP Energies Nouvelles, it is possible to take advantage of this demixing phenomenon in order to regenerate only the CO2-rich phase and to reduce the energy consumption of the process thanks to a lower liquid flow rate in the stripping column. Based on [23] , the regeneration energy is reduced from 3.7 GJ/tCO2 down to around 2.1 GJ/tCO2 with the use of demixing solvents, which means a 40% decrease of the regeneration energy. As for the other solvents technologies, this process was initially developed for the application to power plants. In this context, in collaboration with ECRA and HeidelbergCement, a new specific study is investigating the applicability of this technology to cement plants with the purpose of developing a simulation model allowing to calculate the energy savings linked to the use of such solvents. This work under progress will include a global review of the current demixing solvent technologies in order to select a chemical system that will be simulated using a chemical process engineering software. This simulation will consider a relevant thermodynamic modeling of the CO2-demixing solvent system. Absorption-regeneration experiments at lab scale and with a micro-pilot are also scheduled in order to acquire all the relevant parameters required for the simulation model. The possibility to combine the use of demixing solvents with advanced process configurations and under partial oxy-fuel conditions with high CO2 content in the gas to treat is also a relevant perspective of the present study.
